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The ammonolysis of dichloro(isobutyl)methylsilane and dichloro- 
(methyl)(nonyl)silane forms triisobutyltrimethyleyclotrisilazane, tet- 
raisobutyltetramethylcyclotetrasilazane, and trimethyltrinonylcyclo- 
trisilazane. The coammonolysis of dichlom(isobutyl)(methyl)silane 
with trichloro(nonyl)silane gave a cyclic compound with free amino 
groups--3,7-diamino-l,l,5,5-tetraisobutyl-l,l,5,6-tetramethyl-3, 7- 
dinonylcyclotet rasilazane--and the coammonolysis of dichloro(isobutyl) 
(methyl)silane with trichloro-(isobutyl)silane yielded bicyclic products 
--1,3,5,7-tetraisobutyl-l,5-dimethylbicyclotetrasilazane and 1,3,5,7,9- 
pentaisobutyt- 1,5,7 -trim ethylbicyclopentasilazane. 

The a m m o n o l y s i s  and e o a m m o n o l y s i s  of the  h i g h e r  
d i a l k y l d i c h l o r o -  and a l k y l t r i c h l o r o s H a z a n e s  h a v e  been  
s tud ied  i nadequa t e ly .  T h e r e  i s  s o m e  i n f o r m a t i o n  only 
on the a m m o n o l y s i s  of s o m e  h i g h e r  a l k y l t r i c h l o r o s i -  
l a n e s  [1]. It a p p e a r e d  of i n t e r e s t  to s tudy t h e s e  r e a c -  
t ions  wi th  h i g h e r  d i a l k y l d i e h l o r o -  and a l k y I t r i c h l o r o -  
s i l a n e s  and to t r a c e  the i n f luence  of the  s i z e  of the  
r a d i c a l  on a m m o n o l y s i s  and e o a m m o n o l y s i s  r e a c t i o n s .  
As the  i n i t i a l  c h l o r o s i l a n e s  we  u s e d  d i c h l o r o ( i s o b u t y l ) -  
( m e t h y l ) s i l a n e  and d i c h l o r o ( m e t h y l ) n o n y l s i l a n e .  The  
a m m o n o l y s i s  of d i e h l o r o ( i s o b u t y l ) m e t h y l s i l a n e  t akes  
p l a c e  in a c c o r d a n c e  with  the  s c h e m e :  

. I -c4Hg(CtI~)Sic l  2 + 3nNH~ 
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J 

The  a m m o n o l y s i s  of d i c h l o r o ( i s o b u t y l ) m e t h y l s i l a n e  
y i e l d e d  t r i i s o b u t y l t r i m e t h y l c y c l o t r i s i l a z a n e  (I) wi th  a 
y i e l d  of 45 % and t e t r a i s o b u t y l t e t r a m e t h y l c y c l o t e t r a s i -  
l a z a n e  (II) wi th  a y i e l d  of 15 %. The  a m m o n o l y s i s  of 
d i c h l o r o ( m e t h y l ) ( n o n y l ) s i l a n e  took p l a c e  s i m i l a r l y ,  but  
in t h i s  e a s e  i t  was  p o s s i b l e  to i s o l a t e  only  about  44.5% 
of t r i m e t h y l t r i n o n y l c y c l o t r i s i l a z a n e  [CsH19(CH3)SiNHJ3 
(In).  

The  p r o p e r t i e s  of the  h e t e r o c y c l e s  s y n t h e s i z e d  a r e  
g iven  in t he  tab le .  To c o n f i r m  t h e i r  s t r u c t u r e ,  t h e i r  
IR s p e c t r a  w e r e  r e c o r d e d ,  and t h e s e  showed  a b s o r p -  
t ion  hands  in t h e  f o l l o w i n g  r e g i o n s  : 927-931  c m  -1 
( V S i _ N _ S i ) ,  1 1 6 6 - 1 1 8 2  c m  -~ ( d N _ H )  , and 3400 c m  -~ 

(VasNH) [21. 
The coammonolysis of dichloro(isobutyl)(methyl)- 

silane with trichloro(nonyl)silane in a molar ratio of 
i : 1 formed both products of separate ammonolysis 
(19.5% of I and 12.4% of If) and a product of coammo- 
nolysis--3,7-diamino-1,5-diisobutyl-1, 5-dimethyl-3, - 
7-dinonylcyclotetrasilazane (IV) (yield 29.8 %)-- togeth- 
er with undistillable coammonolysis products (28.4%). 
The IR spectrum of IV showed--in addition to the 
VSi_N_Si bands in the 927-931 em -t region, 6N_ H in 
the 1166-1182 cm -i region, and v asNH inthe 3400 em -I 
region--another absorption band in the 3485 em -j 
region which is characteristic for the NH z group. 

The  e o a m m o n o l y s i s  of  d i c h l o r o ( i s o b u t y l ) ( m e t h y l ) -  

s i l a n e  wi th  t r i c h l o r o ( i s o b u t y I ) s i l a n e  aga in  y i e l d e d  both 
p r o d u c t s  of s e p a r a t e  a m m o n o l y s i s - - 2 1 . 5  % of I and 
15.47o of I I - - and  p r o d u c t s  of e o a m m o n o l y s i s - - 8 . 5  Yo of 
1 , 3 , 5 , 7 - t e t r a i s o b u t y l - 1 , 5  - d i m e t h y l b i c y  c l o t e t r a s i l  azane  
(V) and 10.5 % of 1 , 3 , 5 , 7 , 9 - p e n t a i s o b u t y l - l , 5 , 7 - t r i -  
m e t h y l b i c y c l o p e n t a s i I a z a n e  (VI), t o g e t h e r  wi th  u n d i s -  
t i l l a b l e  p r o d u c t s  (3295). 

The  c o m p o u n d s  ob ta ined  in th i s  c a s e  w e r e  d i s t i n -  
gu i shed  f r o m  IV by the  f a c t  that  t hey  con ta ined  no f r e e  
a m i n o  g roups .  The a n a l y t i c a l  r e s u l t s  and the  IR s p e c t r a ,  

in which  t h e r e  a r e  a b s o r p t i o n b a n d s  of V S i _ N _ S i  in the  
9 2 7 - 9 3 1  e m  -1 r e g i o n ,  6 N _  H in the  1166-1182 e m  -I 

r e g i o n  and VasNH in the  3400 em -t  r e g i o n ,  show t h a t t h e  
p r o d u c t s  of the  e o a m m o n o l y s i s  of  d i c h l o r o ( i s o b u t y l ) -  
( m e t h y l ) s i l a n e  wi th  t r i c h l o r o ( i s o b u t y l ) s i l a n e  a r e  the  
b i c y c l i c  c o m p o u n d s  : 
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A p p a r e n t l y ,  the  s i z e  of the  o r g a n i c  r a d i c a l  on the  
s i l i c o n  a t o m  h a s  an e f fec t  on the s t r u c t u r e  of the  c y c l i c  
compounds  f o r m e d .  In the  p r o d u c t  of the  c o a m m o n o l y s i s  
of d i c h l o r o ( i s o b u t y l ) ( m e t h y l ) s i l a n e w i t h  t r i c h l o r o ( n o n y l ) -  
s i l a n e  the  f u r t h e r  p a r t i c i p a t i o n  of the  amino  g r o u p s  in 
the  r e a c t i o n  is  m a d e  d i f f i cu l t  by s t e r i c  h i n d r a n c e .  

E X P E R I M E N T A L  

Ammonolysis of dichloro(isobutyl)(methyl)silane. The ammonolysis 
was carried out in a four-necked flask fitted with a stirrer, reflux con- 
denser~ thermometer, and tube for the introduction of ammonia; this 
was charged with a solution of 144.7 g of diehlom(isobutyl)(methyl)- 
silane (bp 188-142 ~ C, 41.4% C1) in 600 ml of absolute benzene, and 
dry ammonia was bubbled through it until the reaction with the di- 
ehloro(isobutyl)(methyl)silane was complete. The temperature of the 
reaction mixture was kept at about 20-25 ~ C. After the ammonium chic- 
ride had been removed, treatment with 2% KOH solution and elimina- 
don of the solvent by distillation yielded 63 g of a clear fairly viscous 
liquid (22.7 g), the vacuum distillation of which gave 12 g of triiso- 
butyltrimethylcyclotrisilazane (I) and 4.8 g of tetraisobutyltetramethyl- 
cyclotetrasilazane (II). 

ammonolysis of dlchloro(methylJ(nonyl)silane. The ammonolysis of 
a solution of 50 g of dichloro(methyt)(nonyl)silane [bp 95-105 ~ C (1 mm); 
29.4% C1] in 300 ml of anhydrous petroleum ether was Carried out by 
the method described above. After the elimination of the ammonium 
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P h y s i c o c h e m i c a l  P r o p e r t i e s  of  t h e  A l k y l m e t h y l c y e l o s i l a z a n e s  

Com- 
pound 

I 

I[ 
III 

IV 

V 

VI 

Formula 

loll,(, f 411~ISINH h 
[CH3(t- c,,lO~IN, h 

[CH3(( ~aj~ )SINtl l~ 

HIg~/N H? 
CH3'~ . /NH- -SJ - -NH\  / C H  3 

SJ Si 
C~H.t / ~'NIr - Si--NH / ~'~Cq Hg. t 

I \ N H  ~ H,~C 9 . 

~ 4H9-/ 

\~, ~. \s/  g.~,/ \~._!,_~./ \g .~  
C~Hg-I 

CH 3 NH SI--NII--SI --C4tlq. I +. 
Cll lq-I  C~II~-/ 

Bp, "C nD2o 
(1 mm) 

233--234 1.4685 

167--168 1.4685 

64--165 1.4705 

224--226 1.4758 ] 

dc'O 

0,90501 

0.90121 
0,88791 

0.9338] 

0,95461 

0,9575 

M 

found calcu- 
lated 

345 

455 
557 

612 

440 

575 

Empirical 
formula 

CIsH39Si3,N3 

C2oH52Si4N4 

C30H69Si3Na 

C2sHToSi4N6 

CIsH47Si4N5 

C2zHToSisN6 

Found, % 

C H N C 

24.0l 52.6 

23.5 r 52.10 
14.7 ( . 65,3 

20.7~ 55.9 

/ 24.1[ 48.47 

i 

:25.15 49.22 

iiiiiiliii:~ 

48.52 .02 15,6z 

Calculated, % 

H N 

11.4 112.4 

I 1.37F 12.4 
12.5 I 7.55 

11.6 113.9 

10.62i 15.7 

10.77114.98 

Si 

24.4 

24.6 

15.1 

18.6 

25.D 

25,0~ 

Yield, 
% 

45 

15 
44.5 

28.9 

8.5 

10.6 

chloride and the distillation of the solvent, 82 g of a clear ]2quid was 
obtained. The vacuum distillation of 11.6 g of it yielded 5.1 g (44.6~ 
of trLmethyltrinonylcyclotrisilazane (III). 

Coammonolysis of dlchloro(isobutyl)(methyl)silane with tdchloro- 
(nonyl)stlane, The reaction was carried out by a similar method. At a 
molar ratio of dichloro(isobutyl)(methyl)silane to trichloro(noayl)silane 
of 1 : 1, a solution of 68.3 g of dichloro(isobutyl)(methyl)silane and 
110,15 g of trichloro(nonyl)silane in 500 ml  of petroleum ether was 
used. After the ammonium chloride and the solvent had been el imi-  
nated, 80 g of a clear liquid was obtained. The distillation of 11,8 g 
of this in vacuum gave 3.6 g (19.5%) of triisobutyltrimethylcyclotri- 
silazane, 2.3 g (12.4%) of tetraisobutyltetramethylcyclotetrasilazane 
(II), and 5.5 g (29.8%) of coammonolysis product- -3 ,7-diamino-l , l ,5 ,  
5-t  etraisobutyl- 1,1,5,6-tetramethyl-3,  7 -dinonylcyclot etrasilazane 
(m). 

Coammonolysis of dichloro(isobutyl)(methyl)silane with tzlchloro- 
(i$obutyl)sLlane, Ammonia was passed into a solution of 58 g of di- 
chloro(isobutyi)(rnethyl)silane and 64 g of trichloro(isobutyl)silane (bp 
139-142 ~ C; 50.6% C1) in 600 ml  of petroleum ether. After the el imi-  

nation of the precipitate of NH4 C1 (by treating the reaction mixture 
with 2~ KOH solution), and the distillation of the solvent, 65.62 g 
(84%) of a clear fairly viscous liquid was obtained. When 17 g of this 
was distilled in vacuum, 6.5 g of products of separate ammonolysis 
(I and II) and two bicyclic products of coammonolysis (V and VI) was 
obtained. 
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